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Fourteenth International Specialty Conference on Cold-Formed Steel Structures
St. Louis, Missouri U.S.A., October 15-16, 1998

STUDY ON LIGHT-GAUGE STEEL ROOF TRUSSES
WITH ROSETTE CONNECTIONS
Pentti Miikeliiinen\ Jyrkl Kesti 2, Olli Kaitila3 and Kimmo J. Sahramaa4

SUMMARY

This paper describes the Rosette-joining system and its possibilities in roof-truss
structures in the span range of 8 to 12 meters (26 to 39 ft). The test programme that
was carried out to verify the behaviour of the Rosette-joint and the thin-walled
sections is described. The test results are given and analysed where they currently
exist. The results are compared with values calculated according to the 1996 U.S.
(AISI) [3] code supported by a distortional buckling analysis according to the
Australian / New Zealand Standard (AS) [4] and FE Analysis results.

1. INTRODUCTION

The Rosette-joining system is a completely new press-joining method for cold-formed
steel structures. Rosette joining has several advantages over otller common joining
methods used in steel construction, such as riveting, bolting and welding. The joint is
formed using the parent metal of the sections to be connected without the need for
additional materials. Nor is there need for heating, which may cause damage to
protective coatings. The Rosette technology was developed for fully automated,
integrated processing of strip coil material directly into any kind of light-gauge steel
frame components for structural applications, such as stud wall panels or roof trusses
(cf. Fig. 1). The integrated production system makes prefabricated and dimensioned
frame components and allows for just-in-time (JIT) assembly of frame panels or
trusses without further'measurements or jigs.
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Fig. 1. Rosette-Joint in a Roof Truss

2. THE ROSETTE-JOINT
2.1 The Joining Process
The Rosette-joint is fonned in pairs between prefabricated holes in one jointed part
and collared holes in the other part. First, the collars are snapped into the holes. Then
the Rosette tool heads penetrate the holes at the connection point, where the heads
expand, and are then pulled back with hydraulic force. The expanded tool head crimps
the collar against the hole. Torque is enhanced by multiple teeth in the joint perimeter.
The joining process is illustrated in Fig. 2 and the finished Rosette-joint is shown in
Fig. 3.

Fig. 2. Rosette-Joining Process
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Fig. 3. Rosette-joint

2.2

Shear and Cross-Tension Tests of Rosette-Joint

2.2.1

Material Properties

The material used for the tests was galvanized (hot-dip zinc-coated) structural steel
S350GD+Z [I] with a nominal yield stress of350 N /mm2 (7.3 kip/fe) and nominal
sheet thickness of 1.0 mm (0.039 in.) and 1.5 mm (0.059 in.). The tensile coupon tests
for the steel sheets were carried out and the recorded material properties are shown in
Table I.
Table 1. Material properties.
Nominal
sheet
thickness
[mm]

Measured core
sheet
thickness
[mml

Yield
stress f{
[N/mm]

Ultimate
tensile stress fu
[N/mm 2]

Modulus of
elasticity
[N/mm2]

Test specimen
direction to
rolling direction

1.0
1.0
1.5
1.5

0.94
0.93
1.44
1.44

411
377
422
394

475
473
484
486

209627
202371
215374
203582

perpendicular
longitudinal
perpendicular
longitudinal

2.2.2

Test Specimens

Connected parts of the test specimens for the shear tests are illustrated in Fig. 4. The
dimensions of the test specimens were chosen to represent those in the applications,
such as in steel trusses and wall stud assemblies. The diameter d of the studied joint is
20 mm (0.79 in.). The test specimens were fabricated with a side-lipped hole part to
avoid curling of the specimen. The shear tests were carried out for the specimens with
collar and hole part of both 1.0 mm (0.039 in.) or 1.5 mm (0.059 in.) thickness, and
for the specimens with hole part and collar part of different thicknesses. The test
specimens were cut longitudinally to the rolling direction. One reference test series
was also carried out using two folded hole parts connected to a steel plate of 5 mm
(0.20 in.) thickness by a 22 mm-diameter (0.87 in.) bolt. The purpose of this test
series was to determine the maximum shear capacity of the hole part when the holeedge is free without support of the collar part.

Fig. 4. Connected Parts of Test Specimens in Simple Shear Tests

In the second series, the shear strength of the Rosette-joint was examined using a Tjoint of the steel truss. The specimen consists of a chord and web member connected
perpendicularly with a joint on both chord web faces (see Fig. 7). The tests were
conducted in two cases where the collar part was situated in the chord or in the web.
The loading was either tension or compression. The behaviour of the Rosette-joint in
the steel truss connection was verified in this test.
The test specimen of a cross-tension test is illustrated in Fig. 5. The specimen
consists of two strips of flat steel sheet jointed through the centre with a Rosette-joint
to form a cross.The tests were carried out to evaluate the joint capacity to resist a
tensile force applied perpendicular to the plane of the specimen.

Rosette joint

10

20mm diameter
holes for jig

Fig. 5. Cross-Tension Test Specimen

2.2.3

Test Procedure

The test specimens in the two first series were aligned between gripping devices of
the Roell & Korthaus universal testing machine. A maximum elongation rate of 1.0
mmlmin (0.039 in.lmin) was used in all tests. The test was terminated when about 3
mm (0.12 in.) elongation was reached. The tests were conducted with an LVDT
displacement measurement system. The gauge length for measuring the· elongation
was 100 mm (3.94 in.). The total deformation is a combination of the elongation of

341

the joint and elastic elongation of the steel itself. The test set-up in the shear test series
1 and 2 is illustrated in Fig. 6a. and in the reference test series with bolt in Fig. 6b.

o

E E

E

Ig = Gauge length for measuring
the joint displacement
- Ie = Unclamped length of the
specimen

E

~ _~,

Fig. 6a. Test Set-Up in Simple Shear Test

Fig. 6b. Test Set-Up in Reference Test

In the T-joint tension test, the specimens were bolted to a bedding using a 20mm x
20mm (0.79 in. x 0.79 in.) steel bar through the chord member bottom flange. The
web member was attached to the testing machine. The T-connection test is shown in
Fig. 7. In the compression test, the test specimen was aligned to the bedding and force
was applied to the web part through the ball bearing. An elongation rate of
1.OmmImin was used in the tests. The tests were conducted in two cases where the
collar part was situated in the chord or in the web.

t
Web member
38mm
Chord member

89mm

:
-?~~-~:

,~
,

}
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~ Rosette join _

-, _ _ _ _

'7~-------------"?~
,;
"

Fig. 7. T-Connection Test Set-Up in Tension Test
The cross-tension test specimens were attached to the holding jig. The attachment of
the jig to the loading device allowed for self-alignment.
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2.2.4

Test Results

Shear tests
The specimen of I.Dmm (0.039 in.) thickness failed in sheet bearing by local buckling
of the compressed edge of the hole part as shown in Fig. 8. In addition to the local
buckling, the specimen of 1.5 mm (0.059 in.) thickness also had considerable
deformations in the collar part. When the collar thickness was 1.5 mm and the hole
thickness 1.0 mm, it was observed that the collar supported the hole better and thus
improved the local buckling behaviour. The shear strength was 19 % higher than that
of the 1.0 mm - 1.0 mm pairs. In the case of the 1.0 mm collar part and 1.5 mm hole
part, the shear strength was 14 % higher than that of the 1.0 mm - 1.0 mm pairs. In
this case, the failure occurred due to yielding of the collar part. The reference test
specimens (t = 1.0mm) in the bolted connection failed by local buckling of the holeedge. The shear strength was 6 % lower than that of the Rosette-joint. The lower shear
strength was recorded because the edge of the hole was not supported as in the
Rosette-joint or in the bolted connection with nuts and washers. The shear strength for
the simple shear test specimens is presented in Table 2.

Fig. 8. Failure Mode of Simple Shear Test Specimen
Table 2. Failure Loads [kN] of Shear Test Specimens
(HP = Hole part, CP = Collar part)
Test
specimen
I
2
3
4
5
6
7
8
9
10
Mean value
St. dev.

HP 1.0mm
CP 1.0mm
8.38
8.37
8.45
8.37
8.37
8.35
8.38
8.32
8.36
8.58
8.39
0.07

HP 1.5 mm
CP 1.5 mm
12.49
12.39
12.11
13.69
12.66
12.38
12.91
12.41
12.38
12.36
12.58
0.44

HP 1.0mm
CP 1.5 mm
9.93
9.90
9.99
9.95
9.99

HP 1.5 mm
CP 1.0mm
9.51
9.69
9.44
9.57
9.67

Bolted conn,
HP 1.0mm
7.67
8.10
7.88

9.95
0.04

9.58
0.11

7.88
0.22
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T-Joint Tests
In the T-joint tests, the load-bearing capacity of one joint was about the same as the
capacity of the folded test specimen in the simple shear test, as shown in Table 3. In
the tension test, in the case of the collar partin the chord, the joint failed by curling
of the lip of the web member leading to about 20 % lower shear strength than in other
cases. The reason for lower capacity is obviously too a short lip in the web member,
which causes curling ofthe web member in the early stages.

Table 3. Failure Loads ofT-Joint Specimens with two Rosette-Joints
Test
specimen

1
2
3
Mean value
St. dev.

Collar part in chord
Failure load
Failure load
[kN] in
[kN] in
tension
compression
13.26
16.72
16.70
13.22
14.11
13.53
16.71
0.50
0.01

Collar part in web
Failure load
Failure load
[kN] in
[kN] in
tension
compression
17.24
17.20
17.14
16.52
16.52
16.97
16.86
0.39
0.48

Cross-Tension Tests
The tests were carried out to evaluate the joint capacity to resist a tensile force applied
perpendicular to the plane of the specimen. This information is very important, for
example, in steel truss applications where the joint of the chord and web member has
to give support to different buckling modes. The results of the cross-tension tests are
presented in Table 4. The mean value of 4.6 kN (1.03 kips) for 1.0 mm (0.039 in.)
steel sheets indicates that the Rosette-joint has very good capacity to resist tensile
forces.

Table 4. Failure Loads of Cross-Tension Test Specimens (t = 1.0 mm)
Test specimen
1
2
3
4
5
Mean value
St. dev.

Failure load
rkNl
4.56
4.76
4.46
4.80
4.44
4.60
0.17
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t. DESCRIPTION OF THE ROSETTE ROOF-TRUSS SYSTEM
Rosette trusses are assembled on special industrial production lines from modified hat
sections used top and bottom chords and channel sections used as webs (Figures 9
& 10) which are jointed together with the Rosette press-joining technique to form a
completed structure easy to transport and install. The profiles are manufactured in two
size groups using strip coil material of various thicknesses (from 1.0 to 1.5 mm (0.039
to 0.059 in.». A single web section is used when sufficient, but it can be strengthened
by double-nesting two sections (see Figures 9 & 10) and/or by using two or several
lateral profiles where greater axial loads are met. At the present time, the application
of the Rosette truss system is being examined in the 8 to 12 meter (26 to 39 ft) span
range.
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Fig. 9. Smaller Cross-Sections of the Rosette Chord and Web Members
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2. AXIAL CAPACITY ESTIMATES
The analytical values that the test results are compared with are based on the U.S.
(AISI) design code [3] and include a distortional buckling analysis performed
according to the Australian I New Zealand Standard (AS) design code [4] supported
by an FE analysis perfonlled with the NISA application {6]. In practice, this means
that the analytical compression capacity value was chosen as the smaller of Pn and Pnd
according to the following equations:
(AISI : Eq. C4 -1)

wh

AF
y

[1-~]
4fad

AP[ooss[~ ;~ -3.6
where Pn
Pnd
Fn

Fy
fod
A
Ae

Fy
for fad > 2

J 0.237]

(AS :Eq. 3.4.6(1- 2»

+

is the nominal axial strength based on Fn
is the nominal axial strength based on the distortional buckling mode
is the nominal buckling stress determined according to (AISI : Eq.
C4-2 or Eq. C4-3) based on the least of the elastic flexural, torsional
and torsional-flexural buckling stresses.
= 411 N/mm2 (8.59 kip/ft2), measured yield stress.
is the distortional buckling stress calculated using a rational elastic
buckling analysis (an FE analysis on NISA).
gross cross-sectional area.
effective cross-sectional area in compression

3. TEST PROGRAMME
The test programme consists of tests on individual chord and web profiles using
different testing arrangements and tests on small structural assemblies and is
concluded with full-scale roof-truss tests. At the present stage, only part of the tests
have been carried out, mainly tests on 38 mm (1.50 in.) web members and tests on 89
mm (3.5 in.) eave chord members. A description of the test programme and results,
where they exist, are given in the following.

5.1 Tests on Web Members
Axial compression tests were carried out on four differently arranged sets of 38 mm
(1.50 in.) web sections of cross-sectional thickness 0.94 mm (0.037 in.) in order to
verify their actual failure mode and load. The test specimens are listed and described
in the following:
1. Single-web profiles of 660 mm (26 in.) free length, a total of three specimens.
2. Single-web profiles of I 060 mm (42 in.) free length, a total of three specimens.
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3. Two web profiles nested one inside the other, of a free length of 1 060 mm (42
in.), a total of two specimens.
4. Single-web profiles of 1 003 mm (39 in.)( free length connected with Rosettejoints to pieces of chord members at each end, a total of three specimens.
The specimens in groups 1 to 3 were prepared for testing by casting each end in
concrete, thu's providing unhinged end conditions. All specimens, including group 4,
were placed firmly on solid smooth surfaces and the compressive force was applied
centrally on the gravitational centroid of the members.
The test results are summarized in Table 5. After casting the ends in concrete, the free
length remaining was 660 mm (26.0 in.) for each of the three members in group 1,
leaving an effective theoretical buckling length of 330 mm (13.0 in.) when rigid end
conditions are assumed. The analytical compression capacity for such a member is
33.44 kN (7.52 kips). The average maximum test load was 35.69 kN (8.02 kips),
providing a 7 % margin between the test result and the analytical value. Buckling
occurred in a combination of the torsional and distortional modes, as was expected,
because for shorter columns, it is the distortional buckling mode that takes on a
greater importance for effective length values smaller than or equal to 325 mm (12.8
in.), theoretically.
Test-group 2 includes similar profiles to group 1, but of greater length, i.e. 1 060 mm
(42 in.) (effective buckling length 530 mm (21
corresponding to an analytical
compression capacity of 25.56 kN (5.75 kips). The average maximum load obtained
in the tests was 25.01 kN (5.62 kips), 2 % less than the analytical value. The buckling
occurred in a purely torsional mode for all specimens.

in.»

Table 5. 38 mm (1.50 in.) Web Compression Test Results
(T = Torsional buckling, F = Flexural buckling, D = Distortional buckling)

Test. Test piece
Group
number

Total length
after setup

#

#

I

1
2
3

mm
660
660
660

Theoretical
Buckle
Half-wavelength
mm
330
330
330

2

4
5
6

1061
1060
1060

530.5
530
530

3

7
8

1063
1061

531.5
530.5

4

11
12
13

1000
1000
1000

1000
1000
1000

Analytical
Compression
Capacity
kN
33.44
33.44
33.44
Averag:e:
25.56
25.56
25.56
Average:
45.l4
45.l4
Averag:e:
9.27
9.27
9.27
Average:

Test
Result
kN
34.24
36.02
36.80
35.69
23.04
25.06
26.94
25.01
74.72
75.61
75.17
13.21
13.24
12.20
12.88

Ratio between
test result
and analytical
result
1.02
1.08
1.10
1.07
0.90
0.98
1.05
0.98
1.66
1.68
1.67
1.42
1.43
1.32
1.39

Failure
Mode

T+D
T+D
T+D
T
T
T
F+T
F+T
T
T
T
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Group 3 consists of two specimens of web members with two profiles freely nested
one inside the other. Their effective buckling length after casting was 530 mm (21
in.). The analytical compression capacity was obtained by simply mUltiplying the
capacity for a single profile by two, resulting in a value of 45.14 kN (10.15 kips). This
is a very conservative approach, as is clear from the test results. The average
maximum load from the tests was 75.17 kN (16.90 kips), corresponding to
approximately three-fold the test value for a single profile and a giving a margin of 67
% between the analytical value and the test result. This high value is due to the greater
capability of the nested profiles to resist torsion compared to single profiles.
In truss structures, this may not prove to be as advantageous as might seem at first
sight. When double-nested or several lateral profiles become necessary (most often in
the outer sections of a roof-truss structure), it is usually due to the joints becoming
critical in design. On the other hand, in high trusses, the long web members in the
middle section ofthe structure may profit from the use of nested double profiles.
Test-group 4 differs from the first three groups in its overall arrangement and motives.
The idea was to examine the way the joints connecting the web profile to the adjacent
chord profiles in the actual structure perform under axial loading, and how much
rotational support they give to the web profile that has been initially considered
hinged at both ends. Each of the three test specimens consisted of a 1 060 mm (42 in.)
long web profile element cOlmected by Rosette-joints at each of its ends to a 400 mm
(16 in.) long piece of chord profile. The length of the specimens was chosen great
enough to prevent the failure of the joints before buckling occured. The distance
between the midpoints of the joints was then 1 003 mm (39 in.) for all three
specimens. The analytical value calculated with an effective buckling length reduction
factor of Kb = 1.0 for such an element is 9.27 kN (2.08 kips). The average maximum
test load value was 12.88 kN (2.90 kips), providing a safe margin of approximately 39
%. The test load value corresponds to an analytical buckle half-wavelength of 780
mm(31 in.) (Kb = 0.78). This indicates that it would be safe to use an effective
buckling length reduction factor ofKb = 0.9, as is actually quite usual practice in rooftruss structures. The joints did not show any sign of strain during testing. The
buckling occurred in a purely torsional mode for all specimens, as in test-group 2.

5.2 Tests on Chord Members
Similar compression tests to those carried out on individual web profiles (test-groups
1 and 2) will also be carried out on chord profiles. These will be simpler than the web
profile tests in that the chord profiles cannot be made to overlap one another. On the
other hand, the arrangements needed to insure the compliance of the test procedure
(end conditions, supports and loading arrangements) with actual conditions in truss
structures are still at the design stage. The actual- structure will include continuous
chord members that are connected to web members at different intervals and laterally
supported by braces every 600 mm (24 in.). The final test programme and
arrangements will be decided based on the first individual member tests.
In roof-truss structures, the eaves element requires special attention, because it is
usually at the end support where the greatest negative bending moments occur in the
top chord member under downward loading (dead load, snow, etc.). The webs of the
chord profile can open up due to this negative moment. Tests were performed where
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an assembled eaves specimen is loaded in bending. The test arrangement is outlined in
Figure 11. An 800 mm (31 in.) long cantilever chord section was loaded at its free end
with a concentrated load. The specimen was a simplified version of the actual
structure, where the truss did not stretch beyond the first web members, but support
conditions were made to insure the relevance of the procedure when the behaviour of
the cantilever is studied. Two lateral web sections were installed at the support area as
is needed in most cases in actual structures.

Supports to prevent 10. tero.l
displaceMent of chord flo.nge

89 MM Chord section

38 MM \Velo
sections
20 MM Rosette
connections

Fig. 11. Eaves Chord Test Member
The tests showed that the eaves member tends to buckle laterally to one side after an
initial phase of light distortional deformations of the chord webs. The average
maximum load obtained from the two test specimens was 2.79 kN (0.63 kips) giving a
maximum moment of Mtest = 2.79 kN x 0.800 m = 2.23 kNm (1.65 ft-kips). The
calculations performed according to the Australian / New Zealand Standard (AS
3.3.3) for the evaluation of critical bending moment (including distortional buckling
modes) gave an analytical value of Me = 1.82 kNm (1.34 ft-kips) (lateral buckling
mode being critical), leaving a difference of 22.8 % between the test result and the
analytical value. The maximum moment caused by typical analytical load values in
central Finland (incl. snow load) calculated according to Eurocode 1 is approximately
1.07 kNm (0.79 ft-kips) in this type of structure. The test value exceeds this by over
100 %. Of course, in the actual design procedure, the influence of combined axial and
shear forces will have to be considered.
The principal conclusion drawn from these tests is that the analytical values are
slighly conservative compared to the test results.
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5.3 Tests on Full-Scale Trusses

The present series of tests will be concluded with full-scale roof-truss tests on a 10 meter (32.8 ft) span roof truss with a pitch of I :3. The geometry of the test trusses will
be designed on the basis of the previous tests and the analytical design on Eurocode 3,
U.S.(AISI) [3] and the Australian / New Zealand (AS) design codes [4] supported by
FE analysis.

6. CONCLUSIONS

This first study on a new joining technique for steel sheets based on the Rosette-joint
has been completed. A series of shear tests and cross-tension tests were carried out to
determine the capacity values of the joint. The shear test specimens of 1.0 mm (0.039
in.) thickness failed in sheet bearing by local buckling of the compressed edge of the
hole part. In addition to the local buckling, the specimen of 1.5 mm (0.059 in.)
thickness also had considerable deformations in the collar part. The shear tests show
that the capacity of the hole part is dependent on the supporting conditions of the
hole-edge. The test results from simple shear tests were verified in sub-assembly tests.
The shear capacity values of the Rosette-joint seem to be sufficient for applications in
light-weight steel-framed wall panels or light-weight steel trusses.
The truss tests carried out at this stage give a strong indication of the very good
applicability of the Rosette thin-walled steel truss system in practice. All the test
results so far substantiate this assumption and the accuracy of the design procedure
used. The examination of coherent and effective design methods is currentlyongoing
based on the forthcoming tests and their application in the European and American
design codes.
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APPENDIX 2 : NOTATION

A
Ae
Fn
Fy
fod
Kb
Me
M test
Pn
Pnd
<I>

Gross cross-sectional area.
Effective cross-sectional area in compression
Nominal buckling stress based on the least of the elastic flexural, torsional and
torsional-flexural buckling stresses.
Measured yield stress for the test pieces
Distortional buckling stress
Effective buckling length factor
Critical bending moment
Maximum bending moment from tests
Nominal axial strength based on Fn
Nominal axial strength based on the distortioI).al buckling mode
Hole diameter of the Rosette-joint

